Introduction
============

Melanin is a group of natural pigment striking dark color found in organisms like human and animal to protect their skins from ultraviolet (UV) radiation of sun. Melanin is generated by the oxidation of the amino acid tyrosine and considered tissues as melanocytes. Generally, melanin is classified into three types eumelanin, pheomelanin, and neuromelanin. The representative melanin is common eumelanin which shown brown and black color. However, if it is too much UV radiation exposure to skin, it will be made to cover with freckles and even may be lead to skin cancer \[[@b1-eht-31-e2016009]\]. In addition, nowadays, there is a trend that people want bright skin from dark skin.

Until now, in order to inhibit to generate melanin in skin, most of the research has been studied through interfering with melanin synthesis by inhibiting the tyrosinase \[[@b2-eht-31-e2016009]-[@b4-eht-31-e2016009]\]. In other words, previous studies were designed to methods for treating the melanin that has already been generated. Otherwise, some researchers tried to remove, degradation or treatment directly melanin using by extraction \[[@b5-eht-31-e2016009],[@b6-eht-31-e2016009]\] extracted from plant or enzymes \[[@b7-eht-31-e2016009],[@b8-eht-31-e2016009]\] isolated from cell organelles or themselves \[[@b9-eht-31-e2016009]\] after generating it. Proteomic analysis is important skill to find and identify unknown proteins.

Lysosome is a membrane-bound cell organelle having 50 to 60 hydrolytic enzymes associated with antimicrobial \[[@b10-eht-31-e2016009],[@b11-eht-31-e2016009]\], anticancerous \[[@b12-eht-31-e2016009]\] and genetic diseases \[[@b13-eht-31-e2016009]\]. So, some researchers who are believed to participate in several functions have conducted a study with respect to treat melanin using by enzymes in lysosome related organelles \[[@b14-eht-31-e2016009]\]. The lysosome is able to extract henʹs egg white \[[@b7-eht-31-e2016009]\] and all of eukaryotes like *Saccharomyces cerevisiae* \[[@b14-eht-31-e2016009]\] and HeLa cells \[[@b8-eht-31-e2016009]\]. In previous studies, it was conducted research on lysosomal enzymeʹs function.

In this study, we want to know how the lysosome react the melanin. Therefore, it was tried to analysis lysosomal membrane protein isolated from lysosome extracted from activated HeLa cell directly by 2-dimensional electrophoresis (2DE) assay. If the lysosomal membrane proteins are associated with treatment of melanin directly, they will be identified and the revealed proteins play important roles to use as a prescription, medical therapy and cosmetics to protect UV radiation.

Materials and Methods
=====================

Cell Cultures and Treatment
---------------------------

HeLa cells were cultured in Dulbecco's modified Eagle's medium which added 5% newborn calf serum, 1% penicillin streptomycin at 37℃ with medium under 5% carbon dioxide. All of mixtures were exchanged for every two days, and was washed using Dulbecco's phosphate-buffered saline (DPBS; Gibco, Grnad Island, NY, USA). A 100 ppm melanin was treated when the cells were grown about 70%.

The melanin reagent was purchased from Sigma -Aldrich (St. Louis, MO, USA) and it was dissolved in 0.1 M sodium phosphate buffer (pH 7.0) to make melanin solution. After that HeLa cells were grown to 70%, they were exposed 100 ppm of melanin solution.

Cell Toxicity Test of HeLa Cells
--------------------------------

Harvested cells were separated equivalent amount of them by calculation. When they grow up on the dishes, 100 ppm of melanin treated on 0, 6, 12, 24, and 48 hours. Each dish was tested toxicity by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay \[[@b8-eht-31-e2016009]\]. The colorimetric MTT metabolic activity assay is applied to determine whether melanin is able to kill cells. HeLa cells (10^4^ cells/well) were grown on a 96- well plate at 37℃. During exposing melanin on different time, the supernatant was discarded before washing cells by DPBS. After that, 20 μL of MTT solution (5 mg/mL in DPBS) and 100 μL of medium were supplemented. The plate was then incubated for four hours. Finally, 100 μL dimethyl sulfoxide (Sigma- Aldrich) was added and the fluorescence signal was measured through enzyme-linked immunosorbent assay reader (Thermo Elctron, Waltham, MA, USA).

Isolation of Whole Lysosomal Membrane Proteins
----------------------------------------------

To extract whole lysosomal membrane proteins in lysosomes, it was isolated lysosomes isolated lysosomes from HeLa cells beforehand. They were rinsed twice with phosphate-buffered saline, and treated with a lysis buffer (20 mM Tris-HCl pH=7.4, 1 mM EDTA, pH 8.8, 1 mM EGTA \[Sigma-Aldrich\] pH=8.5, 1% v/v Triton X-100 \[Daejung Chemicals & Metals Co., Siheung, Korea\]), protease inhibitor cocktail (PIC, Sigma- Aldrich), and phenyl methane sulfonyl fluoride (PMSF, Roche, Indianapolis, IN, USA) with ratio 100:1:1 and then vigorous agitation on a vortex mixer and kept in ice for 10 minutes. After incubation on ice, the lysates were centrifuged at 500 rpm, 4℃ for five minutes. The supernatant moved to another tube and centrifuged at 20000×g, 4℃ for 30 minutes. Next, lysis buffer mixed with white pellet including PIC and PMSF. Followed same vortex mixer and cooling in ice for 10 minutes. And that mixture incubated in ice for 30 minutes to react with lysosome and lysis buffer. After that the lysates were centrifuged at 13000 rpm, 4℃, 10 minutes. The lysosomal membrane proteins were contained in the pellet. The protein concentration was determined using a Bradford assay with bovine serum albumin as the standard. The pellets were stored at -70℃ until analyzed by 2-dimensional gel electrophoresis.

Two-dimensional Polyacrylamide Gel Electrophoresis
--------------------------------------------------

Before beginning 2DE assay, whole lysosomal membrane proteins isolated from lysosome (20 μg for each sample) in HeLa cells were resoluble into a rehydration buffer containing 350 μL solution (7 M urea, 2 M thiourea, 0.5% v/v Triton X-100, 1% bromophenol blue \[Sigma-Aldrich\], 35 μL 1 M dithiothreitol \[Duchefa Biochemie, Haarlem, Netherlands\], and 1.75 μL IPG buffer \[GE Healthcare Bio-Sciences, Uppsala, Sweden\]) and then the mixture put onto immobiline DryStrip 18 cm, pH 4-7, linear type (GE Healthcare Bio-Sciences, Uppasala, Sweden). A 2.5 mL mineral oil (Bio-Rad, Hercules, CA, USA) was added to cover onto the strip. The rehydration conditions were maintained at 50 mV for 12 hours at 20℃ using a protein isoelectric focusing (IEF cell, Bio-Rad). After rehydration step, paper wicks were inserted between the IPG strip and each strip holder electrode just before isoelectric focusing to adsorb excess water. The isoelectric focusing step was carried out at 20℃ at 500 V (2 hours), 1000 V (30 minutes), 2000 V (30 minutes), 4000 (30 minutes), 8000 (until 70000 V), and 500 V (15 minutes). The strips were stored at -70℃ until running sodium dodecyl sulfate poly acrylamide gel electrophoresis (SDS-PAGE). Before performing SDS-PAGE, each isoelectric focusing strip was equilibrated for 15 minutes by until 4 mL a solution (2% SDS, 50 mM Tris-HCl pH 8.8, 6 M urea, 30% \[v/v\] glycerol \[Samchun, Pyeongtaek, Korea\] 0.5% bromophenol blue, and 100 mg iodoacetamide \[Sigma-Aldrich\]). In sodium dodecyl sulfate poly acrylamide gel electrophoresis, the isoelectric focusing strip was loaded onto the 12.5% SDS-PAGE gel (16.8 mL 30% bis/acrylamide (Bio-Rad), 10 mL of 1.5 M Tris-HCl pH 8.8, 13 mL distilled water (DW), 800 μL of 10 % SDS (Sigma-Aldrich), 800 μL of 10% ammonium persulfate (Sigma-Aldrich), 80 μL tetramethylethylenediamine (Sigma-Aldrich). Then, approximately 3 mL sealing gel solution (0.5% agarose, 0.2% bromophenol blue) was added onto the surface of the isoelectric focusing strip. The SDS-PAGE separation was performed at 200 mV, 400 mA for six hours at room temperature. Then, IEF gels were fixed with fixing buffer (50% methanol, 12% acetic acid, 38% DW, and 0.00053% formaldehyde) for at least 2 hours.

Silver Staining
---------------

After fixing, isoelectric focusing gels were washed three times with 50 % ethanol for 20 minutes. Then, gels were shaking in the sensitizing solution (0.2 g/L, Na~2~S~2~O~3~) for 75 seconds. Nest, the gels were washed three times with DW by shaking at 100 rpm for 20 seconds prior to react with 2 g/L AgNO~3~ (Junsei Chemical, Tokyo, Japan) solution during 30 minutes. After that, the stained gels were washed two times with DW before developed in a developing solution (60 g/L Na~3~CO~3~, 20 mL 0.20 g/L Na~2~S~2~O~3~, 0.00053% formaldehyde \[Sigma-Aldrich\]). Usually, it took about five to nine minutes to display all spots on the gel. The developing process was stopped by transferring the gels into the stopping solution (50% methanol, 12% acetic, 38% DW) and shaking at 110 rpm for at least two hours.

Spot Analysis and Data Analysis
-------------------------------

All stained gels were scanned to TIF files with a resolution of 300 dpi. The gel images then were cropped to the gel size using Adobe Photoshop CS5 (12.0 version×64 bit, Adobe System Inc., San Jose, CA. USA). Triplicate gels of those used to visualize proteins by silver staining were scanned. The images were evaluated by using Progenesis PG200 version 2006 (Nonlinear Technology, Newcastle upon Tyne, UK) such that all major spots and all changing spots were evaluated the volume of a spot with total volume of all spots in the gels.

Results
=======

Proteomic Analysis of Whole Lysosomal Membrane Proteins Extracted from Hela Cells Treated by Melanin
----------------------------------------------------------------------------------------------------

The method of to identify proteins qualitatively, there was used for proteomic analysis using by 2DE assay. It was examined about whole lysosomal membrane proteins extracted from HeLa cells reacted to treatment melanin by 2DE assay. From the proteomic analysis, the reference spots were numbered by Progenesis software, and fold change means that expression spots were compared with the control value. Lysosomal membrane proteins extracted from lysosomes in HeLa cells not treated with anything were compared with lysosomal membrane proteins treated by melanin. Lysosomal membrane proteins extracted from in HeLa cells for proteomic analysis were separated by a pH gradient ranging from 4 to 7 and molecular weight. The separated lysosomal membrane protein spots were profiled after silver staining to distinguish the increased or decreased proteins with control. All of data indicated lysosomal membrane proteins extracted from HeLa cells treated by commercially purchased melanin with 100 ppm for 24 hours. Normal lysosomal expression of lysosomal membrane proteins in Hela cells and were analyzed using by Progenesis PG200 software. Based on 2DE gel results, we found a lot of increased and decreased spots compared with control gel. Spots were filtered out that the levels of expressed proteins were different for each spot by at least increasing 1.5 and decreasing 2.0 fold, respectively ([Table 1](#t1-eht-31-e2016009){ref-type="table"}). The 14 spots of up-regulated spots (blue color) over 1.5 fold change and 13 spots of down-regulated spots (red color) down 2.0 fold than control spot change were distinguished ([Figure 1](#f1-eht-31-e2016009){ref-type="fig"}). Herein, the up-regulated spots mean that the lysosome membrane proteins react more actively to access to the melanin on the contrary, down-regulated spots do not did. We observed on the basis of results that the differentially expressed proteins were activated by melanin in lysosomes and those lysosomal membrane proteins are possibly associated with quantity of used melanin. For that reason, we tried to investigate the lysosomal membrane proteins reacted to melanin by 2DE assay and found up-regulated 14 spots and 13 down-regulated spot in [Figure 1](#f1-eht-31-e2016009){ref-type="fig"}. To identify unknown proteins, a lot of researchers used a method which has come close to reveal them through 2DE assay. To get better resolution spots by proteomic analysis, we used adequate total protein concentration and then we could gain high level resolution them separated. Furthermore, we can use novel biomarkers found by this research if we identify revealed spots through a matrix assisted laser desorption/ionization time-of-flight mass spectrometry.

Discussion
==========

This study provides the proteomic analysis of lysosomal membrane proteins exposed to melanin in HeLa cells. To treat or decolorize melanin, lysosome has to draw near it. Accordingly, we would like to know how the lysosome approaches the melanin. Because the lysosomes caused to reduce melanin by lysosomal enzymes but it is not possible to contact it without lysosomal membrane having targeting function. In this experiment, we analyzed the up-regulated and down-regulated lysosomal membrane proteins after exposing 100 ppm melanin by 2 DE. This result showed 14 up-regulated and 13 down-regulated spots. Herein, we classified up-regulated (1.5 fold) and down-regulated (2.0 fold) spots, because it is the most important thing that found up-regulated spots however down-regulated spots will be also regarded to have possibility of sufficiently used. Therefore, our results indicate that lysosomal membrane proteins possibly affect to treat or decolorize the amount of melanin exposed in lysosome due to targeting ability of them. This suggests that if the up-regulated spots use, it is possible to be as biomarkers. And then, it might be helpful in medical fields such as skin cancer and cosmetics like to decolorize skin.
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###### 

Lists of the different expressed whole lysosomal membrane proteins in HeLa cells in response to melanin with 100 ppm

  No. of reference spot   Fold change[^1^](#tfn1-eht-31-e2016009){ref-type="table-fn"}   
  ----------------------- -------------------------------------------------------------- ---
  253                     3.90                                                           1
  396                     3.48                                                           1
  490                     2.70                                                           1
  381                     2.34                                                           1
  370                     2.23                                                           1
  548                     1.90                                                           1
  556                     1.83                                                           1
  717                     1.80                                                           1
  474                     1.74                                                           1
  407                     1.70                                                           1
  175                     1.67                                                           1
  503                     1.64                                                           1
  82                      1.53                                                           1
  391                     1.54                                                           1
  124                     -2.04                                                          1
  294                     -2.12                                                          1
  501                     -2.27                                                          1
  553                     -2.27                                                          1
  632                     -2.30                                                          1
  710                     -2.34                                                          1
  242                     -2.35                                                          1
  405                     -2.45                                                          1
  185                     -2.53                                                          1
  190                     -3.59                                                          1
  217                     -3.88                                                          1
  240                     -6.21                                                          1

Fold change means that expression spots were compared with the control value.
